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DISHWASHER WITH FILTER ASSEMBLY

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a divisional application of U.S.
patent application Ser. No. 13/164,542, filed Jun. 20, 2011,
currently allowed, which application is a continuation-in-part
of' U.S. patent application Ser. No. 13/108,026, filed May 16,
2011, pending, both of which are incorporated by reference in
their entirety.

BACKGROUND OF THE INVENTION

Contemporary dishwashers have a wash chamber in which
utensils are placed to be washed according to an automatic
cycle of operation. Water, alone, or in combination with a
treating chemistry, forms a wash liquid that is sprayed onto
the utensils during the cycle of operation. The wash liquid
may be recirculated onto the utensils during the cycle of
operation. A filter may be provided to remove soil particles
from the wash liquid.

SUMMARY OF THE INVENTION

The invention relates to a dishwasher having a tub at least
partially defining a treating chamber, a liquid spraying system
supplying a spray of liquid to the treating chamber, a liquid
recirculation system recirculating the sprayed liquid from the
treating chamber to the liquid spraying system to define a
recirculation flow path, a rotating filter having an upstream
surface and a downstream surface and located within the
recirculation flow path such that the recirculation flow path
passes through the filter from the upstream surface to the
downstream surface to effect a filtering of the sprayed liquid,
a first artificial boundary spaced from and rotating relative to
one of the downstream and upstream surfaces to form an
increased shear force zone therebetween wherein liquid pass-
ing between the first artificial boundary and the filter applies
a greater shear force on the at least one of the downstream and
upstream surfaces than liquid in an absence of the first artifi-
cial boundary, and a drive system operably coupled to the
filter and the first artificial to effect their relative rotation.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a schematic view of a dishwasher with a filter
assembly according to a first embodiment of the invention.

FIG. 2 is a cross-sectional view of the filter assembly and a
portion of a recirculation pump of FIG. 1 taken along the line
2-2 shown in FIG. 1.

FIG. 3 is a cross-sectional view of the filter assembly of
FIG. 2 taken along the line 3-3 shown in FIG. 2.

FIG. 4 is a cross-sectional view of a second embodiment of
a filter assembly, which may be used in the dishwasher of
FIG. 1.

FIG. 5 is a cross-sectional view of the filter assembly of
FIG. 4 taken along the line 5-5 shown in FIG. 4.

FIG. 6 is a schematic view of a dishwasher according to a
third embodiment of the invention.

FIG. 7 is a cross-sectional view of a fourth embodiment
liquid filtering system, which may be used in a dishwasher
and illustrates a rotating filter in combination with inner and
outer rotating diverters.

FIG. 8 is a cross-sectional view of the filter assembly of
FIG. 7 taken along the line 8-8 shown in FIG. 7, with the
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diverters rotated to new position to better illustrate a gear
assembly rotationally coupling at least some of the diverters
with the rotating filter.

FIG. 9 is a cross-sectional view of a fifth embodiment
liquid filtering system, which may be used in a dishwasher
and illustrates a rotating filter in combination with inner and
outer rotating diverters.

FIG. 10 is a cross-sectional view of the filter assembly of
FIG. 9 taken along the line 10-10 shown in FIG. 9.

FIG. 11 is a cross-sectional view of a filter assembly
according to a sixth embodiment of the invention.

FIG. 12 is a top view of the filter assembly of FIG. 11 with
the surrounding housing removed for clarity.

DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

Referring to FIG. 1, a first embodiment of the invention is
illustrated as an automatic dishwasher 10 having a cabinet 12
defining an interior. Depending on whether the dishwasher 10
is a stand-alone or built-in, the cabinet 12 may be a chassis/
frame with or without panels attached, respectively. The dish-
washer 10 shares many features of a conventional automatic
dishwasher, which will not be described in detail herein
except as necessary for a complete understanding of the
invention. While the present invention is described in terms of
a conventional dishwashing unit, it could also be imple-
mented in other types of dishwashing units, such as in-sink
dishwashers, multi tub dishwashers, or drawer-type dish-
washers.

A controller 14 may be located within the cabinet 12 and
may be operably coupled to various components of the dish-
washer 10 to implement one or more cycles of operation. A
control panel or user interface 16 may be provided on the
dishwasher 10 and coupled to the controller 14. The user
interface 16 may include operational controls such as dials,
lights, switches, and displays enabling a user to input com-
mands, such as a cycle of operation, to the controller 14 and
receive information.

A tub 18 is located within the cabinet 12 and at least
partially defines a treating chamber 20, with an access open-
ing in the form of an open face. A cover, illustrated as a door
22, may be hingedly mounted to the cabinet 12 and may move
between an opened position, wherein the user may access the
treating chamber 20, and a closed position, as shown in FIG.
1, wherein the door 22 covers or closes the open face of the
treating chamber 20.

Utensil holders in the form of upper and lower racks 24, 26
are located within the treating chamber 20 and receive uten-
sils for being treated. The racks 24, 26 are mounted for slid-
able movement in and out of the treating chamber 20 for ease
ofloading and unloading. As used in this description, the term
“utensil(s)” is intended to be generic to any item, single or
plural, that may be treated in the dishwasher 10, including,
without limitation: dishes, plates, pots, bowls, pans, glass-
ware, and silverware. While not shown, additional utensil
holders, such as a silverware basket on the interior of the door
22, may also be provided.

A spraying system 28 may be provided for spraying liquid
into the treating chamber 20 and is illustrated in the form of an
upper sprayer 30, a mid-level sprayer 32, a lower rotatable
spray arm 34, and a spray manifold 36. The upper sprayer 30
may be located above the upper rack 24 and is illustrated as a
fixed spray nozzle that sprays liquid downwardly within the
treating chamber 20. Mid-level rotatable sprayer 32 and lower
rotatable spray arm 34 are located, respectively, beneath
upper rack 24 and lower rack 26 and are illustrated as rotating
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spray arms. The mid-level spray arm 32 may provide a liquid
spray upwardly through the bottom of the upper rack 24. The
lower rotatable spray arm 34 may provide a liquid spray
upwardly through the bottom of the lower rack 26. The mid-
level rotatable sprayer 32 may optionally also provide a liquid
spray downwardly onto the lower rack 26, but for purposes of
simplification, this will not be illustrated herein.

The spray manifold 36 may be fixedly mounted to the tub
18 adjacent to the lower rack 26 and may provide a liquid
spray laterally through a side of the lower rack 26. The spray
manifold 36 may not be limited to this position; rather, the
spray manifold 36 may be located in virtually any part of the
treating chamber 20. While not illustrated herein, the spray
manifold 36 may include multiple spray nozzles having aper-
tures configured to spray liquid towards the lower rack 26.
The spray nozzles may be fixed or rotatable with respect to the
tub 18. Suitable spray manifolds are set forth in detail in U.S.
Pat. No. 7,445,013, issued Nov. 4, 2008, and titled “Multiple
Wash Zone Dishwasher,” and U.S. Pat. No. 7,523,758, issued
Apr. 28, 2009, and titled “Dishwasher Having Rotating Zone
Wash Sprayer,” both of which are incorporated herein by
reference in their entirety.

A liquid recirculation system may be provided for recircu-
lating liquid from the treating chamber 20 to the spraying
system 28. The recirculation system may include a pump
assembly 38. The pump assembly 38 may include both a drain
pump 42 and a recirculation pump 44. While not shown, a
liquid supply system may include a water supply conduit
coupled with a household water supply for supplying water to
the treating chamber 20.

The drain pump 42 may draw liquid from a lower portion of
the tub 18 and pump the liquid out of the dishwasher 10 to a
household drain line 46. The recirculation pump 44 may draw
liquid from a lower portion of the tub 18 and pump the liquid
to the spraying system 28 to supply liquid into the treating
chamber 20.

Asillustrated, liquid may be supplied to the spray manifold
36, mid-level rotatable sprayer 32, and upper sprayer 30
through a supply tube 48 that extends generally rearward
from the recirculation pump 44 and upwardly along a rear
wall of the tub 18. While the supply tube 48 ultimately sup-
plies liquid to the spray manifold 36, the mid-level rotatable
sprayer 32, and upper sprayer 30, it may fluidly communicate
with one or more manifold tubes that directly transport liquid
to the spray manifold 36, the mid-level rotatable sprayer 32,
and the upper sprayer 30. The sprayers 30, 32, 34, 36 spray
treating chemistry, including only water, onto the dish racks
24,26 (and hence any utensils positioned thereon). The recir-
culation pump 44 recirculates the sprayed liquid from the
treating chamber 20 to the liquid spraying system 28 to define
a recirculation flow path. While not shown, a liquid supply
system may include a water supply conduit coupled with a
household water supply for supplying water to the treating
chamber 20.

A heating system having a heater 50 may be located within
or near a lower portion of the tub 18 for heating liquid con-
tained therein.

A liquid filtering system 52 may be fluidly coupled to the
recirculation flow path for filtering the recirculated liquid and
may include a housing 54 defining a sump or filter chamber 56
for collecting liquid supplied to the tub 18. As illustrated, the
housing 54 may be physically separate from the tub 18 and
may provide a mounting structure for the recirculation pump
44 and drain pump 42. The housing 54 has an inlet port 58,
which is fluidly coupled to the treating chamber 20 through a
conduit 59 and an outlet port 60, which is fluidly coupled to
the drain pump 42 such that the drain pump 42 may effect a
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supplying of liquid from the filter chamber 56 to the house-
hold drain line 46. Another outlet port 62 extends upwardly
from the recirculation pump 44 and is fluidly coupled to the
liquid spraying system 28 such that the recirculation pump 44
may effect a supplying of the liquid to the sprayers 30, 32, 34,
36. A filter element 64, shown in phantom, has been illus-
trated as being located within the housing 54 between the inlet
port 58 and the recirculation pump 44.

Referring now to FIG. 2, a cross-sectional view of the
liquid filtering system 52 and a portion of the recirculation
pump 44 is shown. The housing 54 has been illustrated as a
hollow cylinder, which extends from an end secured to a
manifold 65 to an opposite end secured to the recirculation
pump 44. The inlet port 58 is illustrated as extending
upwardly from the manifold 65 and is configured to direct
liquid from a lower portion of the tub 18 into the filter cham-
ber 56. The recirculation pump 44 is secured at the opposite
end of the housing 54 from the inlet port 58.

The recirculation pump 44 includes a motor 66 (only par-
tially illustrated in FIG. 2) secured to a pump housing 67,
which as illustrated is cylindrical, but can be any suitable
shape. One end of the pump housing 67 is secured to the
motor 66 while the other end is secured to the housing 54. The
pump housing 67 defines an impeller chamber 68 that fills
with fluid from the filter chamber 56. The outlet port 62 is
coupled to the pump housing 67 and opens into the impeller
chamber 68.

The recirculation pump 44 also includes an impeller 69.
The impeller 69 has a shell 70 that extends from a back end 71
to a front end 72. The back end 71 of'the shell 70 is positioned
in the chamber 68 and has a bore 73 formed therein. A drive
shaft 74, which is rotatably coupled to the motor 66, is
received in the bore 73. The motor 66 acts on the drive shaft
74 to rotate the impeller 69 about an axis 75. The motor 66 is
connected to a power supply (not shown), which provides the
electric current necessary for the motor 66 to spin the drive
shaft 74 and rotate the impeller 69. The front end 72 of the
impeller shell 70 is positioned in the filter chamber 56 of the
housing 54 and has an inlet opening 76 formed in the center
thereof, which fluidly couples to the filter chamber 56. The
shell 70 has a number of vanes 77 that extend away from the
inlet opening 76 to an outer edge of the shell 70.

The filter element 64 may be a filter screen enclosing a
hollow interior 78. The filter screen is illustrated as cylindri-
cal, but can be any suitable shape. The filter 64 may be made
from any suitable material. The filter 64 may extend along the
length of the housing 54 and being secured to the manifold 65
at a first end. The second end is illustrated as being adjacent
the front end 72 of the impeller shell 70. This interface may
include a seal to prevent unfiltered water from passing into the
hollow interior 78. Although the filter 64 has been described
as being rotationally fixed it has been contemplated that it
may be rotated as set forth in detail in U.S. patent application
Ser. No. 12/966,420, filed Dec. 13, 2010, and titled “Rotating
Filter for a Dishwashing Machine,” and U.S. patent applica-
tion Ser. No. 12/910,203, filed Oct. 22, 2010, and titled
“Rotating Drum Filter for a Dishwashing Machine,” which
are incorporated herein by reference in their entirety.

The filter 64 is illustrated as having an upstream surface 81
and a downstream surface 82 and divides the filter chamber
into two parts. As wash fluid and removed soil particles enter
the filter chamber 56 through the inlet port 58, a mixture of
fluid and soil particles is collected in the filter chamber 56 in
a region external to the filter 64. Because the filter 64 allows
fluid to pass into the hollow interior 78, a volume of filtered
fluid is formed in the hollow interior 78. In this manner,
recirculating liquid passes through the filter 64 from the
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upstream surface 81 to the downstream surface 82 to effect a
filtering of the liquid. In the described flow direction, the
upstream surface 81 correlates to an outer surface of the filter
64 and the downstream surface 82 correlates to an inner
surface of the filter 64 such that the filter 64 separates the
upstream portion of the filter chamber 56 from the outlet port
62. If the flow direction is reversed, the downstream surface
may correlate with the outer surface and the upstream surface
may correlate with the inner surface.

A passageway (not shown) fluidly couples the outlet port
60 of the manifold 65 with the filter chamber 56. When the
drain pump 42 is energized, fluid and soil particles from a
lower portion of the tub 18 pass downwardly through the inlet
port 58 into the filter chamber 56. Fluid then advances from
the filter chamber 56 through the passageway without going
through the filter element 64 and advances out the outlet port
60.

Two first artificial boundaries or flow diverters 84 are illus-
trated as being positioned in the filter chamber 56 externally
of the filter 64. Each of the first flow diverters 84 has been
illustrated as including a body 85 that is spaced from and
overlies a different portion of the upstream surface 81 to form
a gap 86 therebetween. Each body 85 is illustrated as being
operably coupled with the front end 72 of the impeller shell
70. As such, the first diverters 84 are operable to rotate about
the axis 75 with the impeller 69.

Two second flow diverters 88 are illustrated as being posi-
tioned within the hollow interior 78. Each of the second flow
diverters 88 has been illustrated as including a body 89, which
is spaced from and overlies a different portion of the down-
stream surface 82 to form a gap 90 therebetween. Each body
89 may also be operably coupled with the front end 72 of the
impeller shell 70 such that the second flow diverters 88 are
also operable to rotate about the axis 75 with the impeller 69.

As may more easily be seen in FIG. 3, the sets of first and
second flow diverters 84, 88 are arranged relative to each
other such that they are diametrically opposite each other
relative to the filter 64. In this manner each of the first and
second flow diverters 84, 88 are arranged to create a pair with
the first flow diverter 84 of the pair rotating about the
upstream surface 81 and the second flow diverter 88 of the
pair rotating about the downstream surface 82. As each of the
first flow diverters 84 and second flow diverters 88 are
coupled with the impeller 69 and rotate with the impeller 69,
each pair has a fixed rotational relationship with respect to
each other. The first and second flow diverters 84, 88 of each
pair are also rotationally spaced from each other. Further, it
may be seen that each of the first flow diverters 84 are dia-
metrically opposite each other and that each of the second
flow diverters 88 are diametrically opposite each other. It has
been contemplated that the first and second flow diverters 84,
88 may have alternative arrangements and spacing.

As illustrated, each of the first flow diverters 84 has an
airfoil cross section while the second flow diverters 88 each
have a circular cross section. It has been contemplated that all
of the flow diverters 84, 88 may have the same cross section
or that each may be different. Further, it has been contem-
plated that the first and second flow diverters 84, 88 may have
any suitable alternative cross section.

During operation, the controller 14 operates various com-
ponents of the dishwasher 10 to execute a cycle of operation.
During such cycles a wash fluid, such as water and/or treating
chemistry (i.e., water and/or detergents, enzymes, surfac-
tants, and other cleaning or conditioning chemistry) may pass
from the recirculation pump 44 into the spraying system 28
and then exits the spraying system 28 through the sprayers
30-36. After wash fluid contacts the dish racks 24, 26 and any
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utensils positioned in the treating chamber 20, a mixture of
fluid and soil falls onto the bottom wall 40 and collects in a
lower portion of the tub 18 and the filter chamber 56.

As the filter chamber 56 fills, wash fluid passes through the
filter 64 into the hollow interior 78. The activation of the
motor 66 causes the impeller 69 and the first and second flow
diverters 84, 88 to rotate. The rotational speed of the impeller
69 may be controlled by the controller 14 to control a rota-
tional speed of the first and second flow diverters 84, 88. The
rotation of the impeller 69 draws wash fluid from the filter
chamber 56 through the filter 64 and into the inlet opening 76.
Fluid then advances outward along the vanes 77 of the impel-
ler shell 70 and out of the chamber 68 through the outlet port
62 to the spraying system 28. When wash fluid is delivered to
the spraying system 28, it is expelled from the spraying sys-
tem 28 onto any utensils positioned in the treating chamber
20.

While fluid is permitted to pass through the filter 64, the
size of the pores in the filter 64 prevents the soil particles of
the unfiltered liquid from moving into the hollow interior 78.
As a result, those soil particles may accumulate on the
upstream surface 81 of the filter 64 and clog portions of the
filter 64 preventing fluid from passing into the hollow interior
78.

The rotation of the first flow diverters 84 causes the unfil-
tered liquid and soil particles within the filter chamber 56 to
rotate about the axis 75 with the first flow diverters 84. The
flow diverters 84 divide the unfiltered liquid into a first por-
tion which may flow through the gap 86, and a second portion,
which bypasses the gap 86. The angular velocity of the fluid
within each gap 86 increases relative to its previous velocity.
As the filter 64 is stationary within the filter chamber 56, the
liquid in direct contact with the upstream surface 81 of the
filter 64 is also stationary or has no rotational speed. The
liquid in direct contact with the first flow diverters 84 has the
same angular speed as each of the first flow diverters 84,
which is generally in the range of 3000 rpm and may vary
between 1000 to 5000 rpm. The speed of rotation is not
limiting to the invention. Thus, the liquid in the gaps 86
between the upstream surface 81 and the first flow diverters
84 has an angular speed profile of zero where it is constrained
at the filter 64 to approximately 3000 rpm where it contacts
each of the first flow diverters 84. This requires substantial
angular acceleration, which locally generates a shear force
acting on the upstream surface 81. Thus, the proximity of the
first flow diverters 84 to the filter 64 causes an increase in the
angular velocity of the liquid within the gap 86 and results in
a shear force being applied to the upstream surface 81.

As the second flow diverters 88 also rotate with the impel-
ler 69, the liquid in the gaps 90 between the downstream
surface 82 and the second flow diverters 88 also has an angu-
lar speed profile of zero where it is constrained at the filter 64
to approximately 3000 rpm where it contacts each of the
second flow diverters 88. This creates a substantial angular
acceleration of the liquid within the gaps 90 and generates
shear forces that act on the downstream surface 82.

The applied shear forces aid in the removal of soils from the
filter 64 and are attributable to the rotating first and second
flow diverters 84, 88 and the interaction of the liquid within
the gaps 86, 90. The increased shear forces function to remove
soils which may be clogging the filter 64 and/or preventing
soils from being trapped on the filter 64. The shear forces act
to “scrape” soil particles from the filter 64 and aid in cleaning
the filter 64 and permitting the passage of fluid through the
filter 64 into the hollow interior 78 to create a filtered liquid.

It has been contemplated that the first and second flow
diverters may also aid in the creation of a nozzle or jet-like
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flow through the filter 64 and/or a backflow effect. That is, the
first and second flow diverters 84, 88 may have various shapes
and orientations, which will in turn have varying impacts on
the fluid within the filter chamber 56 as set forth in detail in
U.S. patent application Ser. No. 12/966,420, filed Dec. 13,
2010, and titled “Rotating Filter for a Dishwashing Machine,”
which is incorporated herein by reference in its entirety.

FIG. 4 illustrates a liquid filtering system 152 and a portion
of a recirculation pump 144 according to a second embodi-
ment of the invention, which may be used in the dishwasher
10. The second embodiment is similar to the first embodi-
ment; therefore, like parts will be identified with like numer-
als increased by 100, with it being understood that the
description of the like parts of the first embodiment applies to
the second embodiment, unless otherwise noted.

One difference between the second embodiment and the
first embodiment is that the filtering system 152 includes a
clutch assembly 192 to selectively operably couple the first
flow diverters 184 to the front end 172 of the impeller shell
170 such that the first flow diverters 184 may be selectively
rotatably driven by engagement of the clutch assembly 192.
More specifically, when the clutch assembly 192 is engaged
by the controller 14, the clutch assembly 192 operably
couples the front end 172 of the impeller shell 170 to the first
flow diverters 184 such that the first flow diverters 184 are
operable to rotate about the axis 175 with the impeller 169.
When the clutch assembly 192 is disengaged the impeller 169
rotates without co-rotation of the first flow diverters 184. The
type and configuration of the clutch assembly 192 is not
germane to the invention. Any suitable clutch mechanism be
it centrifugal, hydraulic, electromagnetic, viscous, for
example, may be used.

Further, a speed adjuster 194 is illustrated as operably
coupling the impeller 169 to the first flow diverters 184 such
that the rotation of the first flow diverters 184 about the
upstream surface 181 may be at a speed that is different than
the speed of the impeller 169. It is contemplated that the speed
adjuster 194 may be either a speed reducer to rotate the first
flow diverters 184 at a slower speed than the impeller 169 or
a speed increaser to rotate the first flow diverters 184 at a
speed faster than the impeller 169. By way of a non-limiting
example, a speed reducer may include a reduction gear
assembly, which may convert the rotation of the impeller 169
into a slower rotation of the first flow diverters 184. Further, it
is contemplated that the speed adjuster 194 may allow for the
first flow diverters 184 to be driven at variable speeds. By way
of'a non-limiting example, such a variable speed adjuster may
include a transmission assembly operably coupled to the con-
troller 14.

Yet another difference between the second embodiment
and the first embodiment is that a motor 195 is illustrated as
being operably coupled to the second flow diverters 188.
More specifically, a drive shaft 196, which is rotatably
coupled to the motor 195, is received in a base 197, which is
operably coupled to the second flow diverters 188. The motor
195 may be operably coupled to the controller 14 such that
when it is actuated it acts on the drive shaft 196 to rotate the
base 197 and second flow diverters about the axis 175. The
motor 195 is connected to a power supply (not shown), which
provides the electric current necessary for the motor 195 to
spin the drive shaft 196 and rotate the base 197 and second
flow diverters 188. The motor 195 may be a variable speed
motor such that the second flow diverters 188 may be rotated
at various predetermined speeds.

As may more easily be seen in FIG. 5 another difference
between the second embodiment and the first embodiment is
that the first flow diverters 184 include four first flow diverters
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8
184 and the second flow diverters 188 include four second
flow diverters 188. Further, the bodies 185 of the first flow
diverters 184 are larger than those illustrated in the first
embodiment. It has been contemplated that the first and sec-
ond flow diverters 184, 188 may have any suitable size and
formation.

The second embodiment operates much the same way as
the first embodiment. That is, during operation of the dish-
washer 10, liquid is recirculated and sprayed by the spraying
system 28 into the treating chamber 20 and then flows to the
liquid filtering system 52. Activation of the motor 166 causes
the impeller 169 to rotate and recirculates the liquid.

While the liquid is being recirculated, the filter 164 may
begin to clog with soil particles. As the impeller is rotated, the
first flow diverters 184 may also be rotating if the clutch 192
is engaged. If the clutch 192 is not currently engaged, the
controller 14 may engage the clutch 192 such that the first
flow diverters 184 begin to rotate. Further, the speed of rota-
tion of the first flow diverters 184 may be adjusted by con-
trolling the speed adjuster 194. At the same time, the motor
195 may also be controlled to cause rotation of the second
flow diverters 188. It has been determined that based on a
determined degree of clogging, the speed of the flow diverters
184, 188 may be increased. Mechanisms for determining a
degree of clogging, such as a pressure sensor, motor torque
sensor, flow meter, etc. are known in the prior art and are not
germane to the invention.

As the speed of rotation of the first and second flow divert-
ers 184, 188 is increased, the liquid traveling through the gaps
186, 190 also has an increased angular acceleration. The
increase in the angular acceleration of the liquid creates an
increased shear force, which is applied to the upstream sur-
face 181 and the downstream surface 182, respectively. The
increased shear force has a magnitude, which is greater than
what would be applied if the first and second flow diverters
184, 188 were rotating at a slower speed or were not rotating
at all.

This greater magnitude shear force aids in the removal of
soils on the upstream surface 181 and the downstream surface
182 and is attributable to the interaction of the liquid traveling
through the gaps 186, 190 and the rotation of the first and
second flow diverters 184, 188. The increased shear force
functions to remove soils that are trapped on the filter 164 and
decreases the degree of clogging of the filter 164. Once the
degree of clogging has been reduced, the controller 14 may
control the speed reducer 194, clutch 192, or motor 195 such
that the rotational movement of the first and second flow
diverters 184, 188 is slowed or stopped.

FIG. 6 illustrates a dishwasher 210 having a pump assem-
bly 238 and filtering system 252 according to a third embodi-
ment of the invention. The third embodiment is similar to the
first embodiment; therefore, like parts will be identified with
like numerals increased by 200, with it being understood that
the description of the like parts of the first embodiment
applies to the third embodiment, unless otherwise noted.

One difference between the third embodiment and the first
embodiment is that the liquid filtering system 252 is oriented
vertically such that a filter 264 is oriented vertically within a
vertical housing 254. A further difference is that no flow
diverters on the downstream side have been included and only
flow diverters 284 on the upstream side of the filter 264 are
used to create an increased shear force. As with the earlier
embodiments, these flow diverters 284 may be operable to
rotate about the filter 264.

Another difference between the third embodiment and the
first embodiments is that the recirculation system has been
illustrated as including a pump assembly 238, which includes
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a single pump 243 configured to selectively supply liquid to
either the spraying system 228 or the drain line 246, such as
by rotating the pump 243 in opposite directions. Alterna-
tively, it has been contemplated that a suitable valve system
(not shown) may be provided to selectively supply the liquid
from the pump 243 to either the spraying system 228 or the
drain line 246.

Further, a removable cover 298 has been illustrated as
being flush with the bottom wall of the tub 218 and being
operably coupled to the housing 254 such that it may seal the
housing 254. Thus, the inlet 258 is the only liquid inlet into the
housing 254. A user may remove the cover 298 to access the
filter 264. It has been contemplated that the filter 264 may be
removably mounted within the housing 254 such that once the
cover 298 has been removed a user may remove the filter 264
to clean it. The user may then replace both the filter 264 and
the cover 298 to again achieve a sealed filter chamber 256.

The third embodiment operates much the same way as the
first embodiment. That is, during operation of the dishwasher
210, liquid is recirculated and sprayed by the spraying system
228 into the treating chamber 220. Activation of the pump 243
causes the impeller (not shown) and the flow diverters 284 to
rotate and the liquid to be recirculated. More specifically,
liquid that enters the housing 254 may be directed through the
filter 264 and back into the treating chamber 220 as illustrated
by the arrows. As with the earlier embodiment, the rotating
flow diverters 284 may cause an increased shear force to be
applied to the filter 264 to aid in its cleaning.

FIG. 7 illustrates a liquid filtering system 352, including a
portion of the recirculation pump 344 according to a fourth
embodiment of the invention, which may be used in any
dishwasher, including dishwashers 10 and 210. In many ways
the fourth embodiment is similar to the prior three embodi-
ments; therefore, like parts will be identified with like numer-
als beginning in the 300 series, with it being understood that
the description of the like parts of the prior embodiments
applies to the fourth embodiment, unless otherwise noted.

The fourth embodiment differs in several ways from the
prior embodiments. One way in which the fourth embodiment
differs is that the filter 364 and first flow diverters 384 (also
referred to as first artificial boundary 384) are configured for
cooperative rotation in that the rotation of one rotates the
other. As illustrated, the cooperative rotation is one of a
counter rotation, but could easily be configured for co-rota-
tion.

While many structures are possible to accomplish the
counter rotation, as illustrated, the filter 364 is directly
coupled to the impeller 369 and a gear assembly 383 rota-
tionally couples the impeller 369 to the first flow diverters
384. The gear assembly 383 comprises a drive gear 387
provided on the impeller 369, which may be integrally
formed with the impeller 369, a ring gear 391 mounting the
first flow diverters 384, and an idler gear 393 coupling the
drive gear 369 to the ring gear 391.

As better seen in FIG. 8, there may be multiple idler gears
393 located between the drive gear 387 and the ring gear 391,
which define a planetary-type gear configuration. As can be
seen by the rotation arrows A, B, C, the counter-clockwise
rotation of the drive gear 387 results in a clockwise rotation of
the ring gear 391, which results in a counter-rotation of the
first flow diverters 384 relative to the filter 364.

The radius of any one or more of the drive gear 387, ring
gear 391, and idler gear 393 may be selected to form any
desired degree of gear reduction or gear increase between the
drive gear 387 and the ring gear 391 to control the relative
rotational speeds of the drive gear 387 and ring gear 391,
which provides for rotating the filter 364 and first flow divert-
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ers 384 at different rotational speeds in addition to different
rotational directions. Gear assemblies may be used that are
different than those disclosed, including gear trains and/or
belt drive systems that provide for on-the-fly varying of the
relative rotational speeds.

With the illustrated configuration, a drive system is formed
for counter-rotating the filter 364 and the first flow diverters
384, with the drive system having two drive units: one for the
filter 364 and another for the first flow diverters 384. The
impeller 369 performs the function of the drive unit for the
filter 364 and the impeller 369 in combination with the gear
assembly forms the drive unit for the first flow diverters 384.

Itis noted that a motor 395 is used to rotate the second flow
diverters 388. Similarly, a separate motor could be used to
rotate the idler gear 393 to drive the ring gear 391 and rotate
the first flow diverters 384. Additionally, a stacked arrange-
ment of idler gears 393 could be used for co-rotation of the
first and second flow diverters 384, 388 with the filter 364.
Alternatively, it is contemplated that other drive mechanisms
such as a fluid drive or a turbine may be operably coupled to
the second flow diverter 388 and used to drive the second flow
diverter 388.

One benefit of counter rotating the filter 364 and the first
flow diverters 384 is that each can be rotated at a lower speed
to accomplish the same relative speed difference. Thus, the
same magnitude of shear force may be created at lower actual
rotational speeds, which means that a smaller pump motor
may be used. Another benefit is that it is contemplated that
less noise will be produced at the lower speeds.

FIG. 9 illustrates a liquid filtering system 452, including a
portion of the recirculation pump 444 according to a fifth
embodiment of the invention, which may be used in any
dishwasher, including dishwashers 10 and 210. In many
ways, the fifth embodiment is similar to the prior four
embodiments; therefore, like parts will be identified with like
numerals beginning in the 400 series, with it being under-
stood that the description of the like parts of the prior embodi-
ments applies to the fifth embodiment, unless otherwise
noted. The fifth embodiment differs from the other embodi-
ments in that the first and second flow diverters 484, 488 are
driven by a motor 500 directly coupled to the second flow
diverters 488 through a drive shaft 502, with a gear assembly
483 coupling the drive shaft 502 to the first flow diverters 484.
Thefilter 464 is directly coupled to the impeller 469. With this
configuration, the first and second flow diverters 484, 488 are
co-rotated with the filter 464 and independently rotated of the
filter 464.

Referring to FIG. 10, the gear assembly 483 is illustrated as
adrive gear 487, ring gear 491, and stacked idler gears 493. As
can be seen by the rotation arrows A, B, C, and D, the stacking
of the idler gears 493 results in the first and second flow
diverters 484, 488 rotating in the same direction. If counter
rotation of the first and second flow diverters 484, 488 is
desired, only a single idler gear need be used.

As with the fourth embodiment, the radius of any one or
more of the drive gear 487, ring gear 491, and idler gears 493
may be selected to form any desired degree of gear reduction
or gear increase between the drive gear 487 and the ring gear
491 to control the relative rotational speeds of the drive gear
487 and ring gear 491, which provides for rotating the first
and second flow diverters 484, 488 at different rotational
speeds. Other gear assemblies may be used other than those
disclosed, including gear trains and/or belt drive systems that
provide for on-the-fly varying of the relative rotational
speeds.

It is noted that the filter 464 terminates in an end cap 504,
which houses a bearing 506 that receives the drive shaft 502.



US 9,167,950 B2

11

Thus, the end cap 504 is rotatably supported on the drive shaft
502 instead of on the surrounding manifold 465.

In this configuration, the drive system effects a co-rotation
of the filter 464 with the first and second flow diverters 484,
488, with the impeller 469 performing a drive unit function
for the filter 464 and the motor 500 performing a drive unit
function for the first and second flow diverters 484, 488.

Other configurations are possible for the co-rotation of at
least one of the first and second flow diverters 484, 488 with
the filter 464. For example, a suitable structure could project
from the impeller 469 to directly support the first flow divert-
ers 484, like in a hub and spoke configuration, with a portion
of'the impeller 469 forming the hub and spoke-like structures
projecting therefrom to form the spokes. In such a configu-
ration, the rotation speed of the first flow diverters 484 would
be the same as the filter 464, which is not preferred because
the first flow diverters 484 would always overly the same
portion of the filter, which would limit the configuration to
clearing only that portion of the filter. In such a configuration,
the shape of the first flow diverter may need to be expanded to
overly more of the filter.

FIG. 11 illustrates a liquid filtering system 652, including a
portion of the recirculation pump 644 according to a sixth
embodiment of the invention, which may be used in any
dishwasher, including dishwashers 10 and 210, and may be
used in place or in combination with any of the prior embodi-
ments. In many ways, the sixth embodiment is similar to the
prior five embodiments; therefore, like parts will be identified
with like numerals beginning in the 600 series, with it being
understood that the description of the like parts of the prior
embodiments applies to the sixth embodiment, unless other-
wise noted. The sixth embodiment differs from the other
embodiments in that the first and second flow diverters 684,
688 (also referred to as artificial boundaries) are not matched
in that the general shapes of the first and second flow diverters
differ, which is made possible by the fact that the first and
second flow diverters may rotate relative to each other. Rela-
tive rotation of the first and second flow diverters 684, 688
may be controlled to ensure there will be times when the first
and second flow diverters 684, 688 overlie each other and
generate the desired shear force and resulting shear zone.

Referring to FIG. 12, it can be seen that the first flow
diverter 684 has a helical shape that winds around the filter
664 and the second flow diverter 688 has a linear shape. The
second flow diverter 688 is shown extending along the rota-
tional axis 675, but it could alternatively be oriented at an
angle relative to the rotational axis 675. The first flow diverter
684 is illustrated with an airfoil or tear-drop cross section, but
other suitable cross sections may be used. Similarly, the sec-
ond flow diverters 688 are illustrated with a circular cross
section, but other suitable cross sections may be used.

The first and second flow diverters 684, 688 may be rotated
at the same or different rotational speeds and in the same or
different rotational directions. However, it is contemplated
that the un-matched shapes of the first and second flow divert-
ers 684, 688 will lend themselves to different rotational
speeds and/or directions to control the overlying portions
thereof and control the creation and location of the shear zone
at different rotational locations and even axial locations along
the rotating filter 664.

It likely goes without saying, but aspects of the various
embodiments may be combined in any desired manner to
accomplish a desired utility. For example, various aspects of
the fourth and fifth embodiment may be combined as desired
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to effect the co- or counter-rotation of either or both of the first
and second flow diverters relative to the filter at a fixed or
varying relative speed.

There are a plurality of advantages of the present disclosure
arising from the various features of the apparatuses and sys-
tems described herein. For example, the embodiments of the
apparatus described above allow for enhanced filtration such
that soil is filtered from the liquid and not re-deposited on
utensils. Further, the embodiments of the apparatus described
above allow for cleaning of the filter throughout the life of the
dishwasher and this maximizes the performance of the dish-
washer. Thus, such embodiments require less user mainte-
nance than required by typical dishwashers. The amount of
energy required to rotate the flow diverters may be minimal
compared to other contemporary filter cleaning mechanisms.
Further, the rotating flow diverters located on the upstream
side of the filter may also act to deflect hard objects away from
the filter thereby reducing damage to the filter.

While the invention has been specifically described in con-
nection with certain specific embodiments thereof, it is to be
understood that this is by way of illustration and not of limi-
tation. Reasonable variation and modification are possible
within the scope of the forgoing disclosure and drawings
without departing from the spirit of the invention which is
defined in the appended claims.

What is claimed is:

1. A method of operating a dishwasher, the method com-
prising:

providing a dishwasher for treating utensils according to a

cycle of operation, comprising:

a tub at least partially defining a treating chamber;

a liquid spraying system configured to supply a spray of
liquid to the treating chamber;

a liquid recirculation system having a recirculation flow
path configured to recirculate sprayed liquid from the
treating chamber to the liquid spraying system;

a rotating filter having an upstream surface and a down-
stream surface and located within the recirculation
flow path such that the recirculation flow path passes
through the rotating filter from the upstream surface
to the downstream surface to effect a filtering of the
sprayed liquid;

a first artificial boundary spaced from and rotating rela-
tive to one of the downstream and upstream surfaces
to form an increased shear force zone therebetween
wherein liquid passing between the first artificial
boundary and the rotating filter applies a greater shear
force on the at least one of the downstream and
upstream surfaces than liquid in an absence of the first
artificial boundary; and

a drive system means for driving the rotating filter and
driving the first artificial boundary to effect their rela-
tive rotation; and

simultaneously rotating the filter and the first artificial

boundary to form the increased shear force zone.

2. The method of claim 1 wherein the filter and the first
artificial boundary are rotated in opposite directions.

3. The method of claim 2 wherein the filter and the first
artificial boundary are rotated at different speeds.

4. The method of claim 1 wherein the filter and the first
artificial boundary are rotated in the same direction.

5. The method of claim 4 wherein the filter and the first
artificial boundary are rotated at different speeds.

#* #* #* #* #*



